It was the demonstration by Nencki and coworkers 45 that the degradation of both chlorophylls and haems yielded monopyrroles that led them, in true neo-Darwinian fashion, to postulate a common origin for animals and plants. 
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Following the work of Willstatter6 and Fischer and Stern,7 the structure of most natural and many unnatural porphyrins was established. Although Verdeil's prediction was wrong, he was correct in interpreting chlorophylls and haems as having essentially similar structures.
Today we can show the similarity between haem and chlorophyll based on their common precursor, protoporphyrin IX (fig 1) . The carbon numbering system used in fig 1 will be used in the subsequent text.
Natural occurrence of porphyrins
For over a century, scientists have been aware of the existence of the numerous types of porphyrin-based compounds to be found in a wide range of eukaryotic and prokaryotic organisms. It was presumably only a question of time before reports of extra-terrestrial porphyrins would be made. 8 The earth-bound biological porphyrins are diverse and range in colour from grey-blue (bacteriochlorophyll), green (chlorophyll), and red (protohaem) to yellow and brown (avian egg porphyrins).
The natural occurrence of many porphyrins is shown in fig 2, together with their biosynthetic relationships. It fig 3) , in which the vinyl group at position 4 is reduced to the ethyl, and the fifth ring E, characteristic of the chlorophylls, has been formed by a modification of the propionic acid substituent at position 6 Shlyk and his associates66 have reviewed much of this evidence. Bacteriochlorophyll a is probably derived from chlorophyllide a in a series ofreactions. The structure of the other bacteriochlorophylls is established but little is known of the biosynthetic pathways.
Just as haemoglobins and indeed all other haem proteins are associations of haem and protein, the chlorophylls are also associated with various proteins within the lipid membrane. Some six or seven chlorophyll-protein complexes have been partially characterised, with molecular weights ranging from 8000 to 70 000. One chlorophyllprotein complex contains about 20 chlorophyll a molecules (and one carotenoid); another complex which has been crystallised has been shown to contain seven chlorophyll molecules on a single polypeptide chain. 67 There is a considerable amount of restructuring of the photosynthetic apparatus in the green plant during the first few hours of exposure to light, whether as a seedling or as a plant initially grown in the dark. The restructuring involves formation of discoid membranous structures known as thylakoids within which the chlorophylls are sited. The thylakoids, present usually as aggregates or grana, are surrounded by an aqueous stroma limited by a double layered envelope, the whole forming the chloroplast. The processes concerned with the biophysical and chemical changes linked to the formation of a functional photosynthetic unit are complex. The changes include the synthesis of sulpholipids and G A F Hendry and O T G Jones galactolipids and additional amounts of a special c-type cytochrome (known as cytochrome f), b cytochromes, carotenoids, plastocyanin and plastoquinones.
Function of chlorophyll-protein complexes and haemoglobin
Neither protohaem nor the chlorophylls are found in cells in any appreciable concentration in the free form; they are invariably complexed to proteins. 68 The structure of the protohaem complex, haemoglobin, is of course well known. In mammals it is a tetramer consisting normally of two pairs of unlike polypeptide globin chains (cx-and ,-chains), each of which contains a protohaem molecule constantly maintained in the ferrous state. Each haem is coordinated to a histidine nitrogen of a globin chain which is folded so that the haem groups lie in clefts on the surface of the haemoglobin molecule approximately equidistant from each other.69 Although one side of the iron atom of haem is co-ordinated to the imidazole of histidine, the other side is free and can bind a molecule of oxygen forming oxyhaemoglobin. It is believed that on binding to oxygen the atomic radius of the haem iron is diminished sufficiently to allow it to move into the plane of the porphyrin ring; its location in deoxyhaemoglobin is displaced out of the plane by 0 06 nm. As the iron of the haem moves, it pulls its co-ordinated histidine with it, causing a whole series of changes in tertiary structure and breaking salt bridges and hydrogen bonds. The effect is to change the configuration of the molecule so that oxygen binds more readily to haemoglobin once one haem group is oxygenated, so a plot of oxygen saturation of haemoglobin versus oxygen tension is sigmoidal. In contrast, in myoglobin, which is a monomer, no such sub-unit co-operativity is possible and the oxygen binding curve is hyperbolic ( fig 5) . The details of these mechanisms are described in most modern textbooks of biochemistry and will not be covered here. Suffice it to say that the iron in the centre of the tetrapyrrole ring plays a crucial role in the function of haemoglobin and, indeed, in the function of all haem proteins. It is concerned in binding the haem to the appropriate protein and in binding and releasing oxygen. In the case of the cytochromes the iron is concerned in accepting and donating electrons and itself undergoes reversible changes from the ferrous to the ferric state.
Chlorophyll 
Oxygen is evolved as a by-product and the protons serve to provide part of the proton motive force used in ATP synthesis, as described by Mitchell.70 The chlorophyll-protein complexes involved in green plant photosynthesis have been partly purified. The ratio of B850 to B870 and to reaction centre varies with growth conditions. In general, the lower the light intensity during growth, the more lightharvesting complexes are synthesised.
There is one case in which an unusual lightharvesting pigment protein complex (isolated from the photosynthetic bacterium Prosthecochloris aestuarii) has been crystallised and its structure determined by x-ray diffraction. The molecule contains seven molecules of bacteriochlorophyll a, each on average separated from an adjacent bacteriochlorophyll by 1 2 nm, and essentially completely surrounded by protein. 67 These chlorophyll molecules are held firmly in place with little or no freedom of movement. The magnesium atoms of six of the bacteriochlorophyll molecules interact, on one side only, with the protein and there is evidence from the electron density pattern that, in some cases, the side chain ligand could be histidine, just as it is in haemoglobin. Access of a sixth ligand to the magnesium is prevented by the presence of the phytyl side chain traversing one face of the rings.
In both green plants and bacteria the bulk of the chlorophyll pigments serves a light-harvesting function. They absorb light and channel it by resonance energy transfer to the photochemical traps which, in the PSI reaction centre and bacterial reaction centres, contain the 'special pair' of pigment molecules. The special properties of the chlorophylls in vivo, the positions of their absorption maxima, and their photochemical activity are dependent on their association with specific proteins. In this, chlorophylls and protohaem can be seen to have great similarity. Stripped of their proteins they lose their desirable properties. Their spectra change dramatically and their redox properties are quite different.
Evolution
Attempts have been made in the past to unify the evolution of haems, haemoglobin, cytochromes, and chlorophylls. 65 7 The basis of these attempts has been largely speculative though with some supporting evidence. 65 The postulates assume that in the course of evolution, each of the intermediates in porphyrin biosynthesis was, at one time, an end G A F Hendry and 0 T G Jones product of metabolic advantage to the cell. Subsequent modifications to the end product improved its properties and led to abandonment of the direct use of intermediates which now are unable to function per se in primary metabolism. 
